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BnepBbie oOocHOBaHa pojib (J)eHOMeHa o6pa30BaHMH GHOimeHKM — OKCTpairejunojinp- 
hom MaTpHKCHOM o6ojiohkom (3M0) Yersinia pestis KaK ochobm, onpeaejiaiomeM xapax- 
Tep B3aHMO,aeMCTBH5i qyMHoro MMKpoOa c opraHM3MOM 6jiox. IloKa3aHO 3HaqeHHe npea- 
xcejiyaxa nepeHOCHHKa b npoixecce (J>opMMpoBaHHH Omoiuichkh. PfoyneHa yjibTpacTpyKTy- 
pa KOHrjiOMepaTOB qyMHoro MMKpoOa b npe^xcejiyzuce m cpeflHeii KMiiiKe 6jiox m 
ycTaHOBjieH eflMHbin MexaHM3M hx (J)opMHpoBaHHH. 06cy>K,aeHa pojib 6MOiuieHKH Yersinia 
pestis b coxpaHemiH B036yaMTejra nyMbi b KHiueHHOM TpaKTe 3KTonapa3MTOB m b no^Be 
Hop rpbnyHOB. C noMombio niJP-aHajiH3a noaTBepxcaeHO HajiHHHe nyMHoro MMKpoOa b 
HH(J)HUM poBaHHbix qyMOM Tpynax h 3KCKpeMeHTax 6jiox, xpaHHBiiiHXCH npn TeMnepaType 
+8—10 °C okojio 8 jieT. 


fljiH pemeHHH Bonpoca o MexaHH3Me 3H300THH nyMbi npuBJieKajmcb pa3JiHH- 
Hbie rnnoTe3bi, b tom HHCJie MO£H(|)HKauHH «TejiJiypnHecKOH» nyMbi, t. e. npezi- 
CTaBJieHHH O ^JIHTeJIbHOM COXpaHeHHH HyMHOTO MHKpo6a B nOHBe HOP HOCHTe- 

jieft (Baltazard et al., 1963; Mollaret, 1963; TuMocJjeeBa, rojioBaneBa, 1975). Ojx- 
HaKO cnoco6HOCTb B036y£HTejiH nyMbi cymecTBOBaTb b noHBe oueHHBajiacb b 
ochobhom hcxozih H3 ero 6nojioniHecKHx xapaKTepucTHK, 6e3 yneia OKOJiorHHe- 
CKHX OC 06 eHHOCTeM, paBHO KaK H MexaHH3MOB MeXBHJIOBbIX CBH3eH B nOHBeH- 
hom 3KOTone (IlonoB h up., 2006, 2007). B 3tom njiaHe oco6biii HHTepec npea- 
CTaBjiHiOT coBpeMeHHbie /jaHHbie (Darby et al., 2002) o ciioco6hocth nyMHoro 
MHKpoba K 06pa30BaHHK) BHeKJieTOHHbIX GHOnJieHOK (3KCTpaueJIJIK)JIHpHbIX MaT- 
pHKCHbix oGojioneK — 3MO), Korapbie, iiozioGho cnopaM 6aKTepHH, MoryT 
obecneMHBaTb coxpaHeHHe B036y£HTejiH 3 toh hh^ckumh b khiuchhom TpaKTe 
6 jiox h bo BHeniHeii cpe^e. YHHTbiBan, hto paccMaTpHBaeMaa azjairrauHOHHafl 
OCObeHHOCTb HyMHOrO MHKpo6a HBJIfleTCfl KJIKDHeBbIM MOMeHTOM ZUIH nOHHMaHHH 
CymHOCTH 3H300THH HyMbI, HH)Ke o6o6meHbI pe3yJIbTaTbI HCCJieZJOBaHHH aBTO- 
paMH npouecca o6pa30BaHHH 6nonjieHKH b opraHH3Me 6 jiox. 
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MATEPHAJI H METO^MKA 


MaTepnajibi nojiyneHbi npn npoBeneHHH yjibTpacTpyKTypHO-(J)yHKUHOHajibHo- 
ro aHajiH3a opraHH3auHH kjictok nyMHoro MHKpoGa b opraHH3Me 6jtox, Bbinoji- 
HeHHOrO MeTO^OM CKaHHpOBaHHfl H yjIbTpaTOHKHX Cpe30B. 3jieKTp0HH0-MHKp0- 
CKonunecKoe nccjienoBaHne npenxejiyziKa 6jiox, GjioKnpoBaHHoro B036ynnTejieM 
nyMbi, h yjibTpacTpyKTypbi GaKTepnajibHbix «rjibi6oK» mhkpoGhoh Maccbi B036y- 
^HTenH nyMbi, o6pa3yiomHXCH b npenxcejiyziKe h xejiynKe 3apaxeHHbix 6jtox, 
npoBe^eHO Ha Monejin Xenopsylla cheopis Rothschild, 1903. Mojiojtbix, He nmaB- 
ihhxch jxo 3KcnepHMeHTa caMOK h caMuoB X. cheopis , 3apaxcajm KopMJieHHeM Ha 
Gejibix Mbirnax, Haxonflmnxcfl b CTannn npenaroHajibHon OaKTepneMHH, Bbi3BaH- 
HOH BbICOKOBHpyJieHTHbIM UITaMMOM HyMHOK) MHKpoGa 231, XapaKTepH3yK)LUHM- 
ch nojiHbiM HaGopoM neTepMHHaHT BupyjieHTHocTH, LD50 KOToporo GbiJia paBHa 
20 M.K. npH 3T0M B Ma3KaX KpOBH MblllieH GbIJIO OTMeneHO 2—30 GHnOJmpHO 
OKpauieHHbix MHKpoopraHH3MOB b none 3peHHH CBeTOBoro MHKpocKona. Mcxon- 
Han 3apaxceHH0CTb 6jiox cocraBJiHJia 92 %. Ejiox conepxcajin b npoGnpKax c nec- 
kom npn TeMnepaType B03nyxa 21 °C h BjiaxcHoc™ 97 %. 3apaxeHHbix Gjtox ne- 
pe3 2 cyT nonKapMJiHBajiH Ha 3nopoBbix Gejibix Mbimax. ,B[jih HCCJienoBaHnn xeJiy- 
noHHoro TpaKTa b ojicktpohhom MHKpocKone 3KTonapa3HTOB oTGnpajin nepe3 6 h 
9 h nocne 3apa^caiomero kopmjichhh h b najibHenmeM Kaxnbie cyTKH b TeneHne 
11 /men. JlerKHM ocjmpHbiM HapK030M 6jiox o6e3nBH)KHBajiH h no jx mhkpocko- 
noM MEC-2 oraejiHjiH xcejiyaoHHo-KHuieHHbin TpaKT b Kanne (})H3HOJiorHHecKoro 
pacTBopa. 3aTeM ero noMemajiH b c})HKcaTop LLIecTpaHna pH 7.2—7.4 Ha 1.5— 
2 h, o6e3BoxcHBajiH cnupiaMH b B03pacTaiomeH KOHueHTpauHH n npomuieHOK- 
ch ne. 06e3BoxceHHbin MaTepnaji noMemajiH b 3noKcnjiHbie cmojim. Fotobhjih 
yjibTpaTOHKne cpe3bi Ha yjibTpaTOMe LK B 8800 (IIlBeuHn) h MOHrapoBajin hx 
Ha MenHbie cctohkh c (JiapcJiopoBOH nojmoxKon. Cpe3bi KOHipacTHpoBann b 
1.5%-hom pacTBope ypaHHJiaueTaTa h UHTpaTa CBHHua. nojiyneHHbie npenapa™ 
npocMaTpHBajin b 3JieiapoHHbix MHKpocKonax EM-7A h HU-12A (flnoHnn) npn 
ycKopnioinHX HanpaxceHHHX 80 h 75 kb cootbctctbchho. OoTorpac})HpoBajiH Ha 
nnepHbie nnacTHHKH mna MP hjih cjioTOTexHHHecKyio nneHKy OT-41 h OT-101. 
Bcero GbiJio nccjienoBaHo 40 npenapaTOB Gjiox. 

OGoGmeHbi pe3yjibTaTbi onbiTOB no coxpaHeHHio nyMHoro MHKpoGa b (J)eKa- 
jihhx h Tpynax pa3Hbix bhjiob 6jiox, BbinojiHeHHbix b 1974—1979 rr. (Bcjihhko, 
1981) h b 1991 — 1998 rr. 3apa>KeHHe 6jiox X. cheopis , X. conformis conformis Wag¬ 
ner, 1903, Citellophilus tesquorum Wagner, 1898 B036ynnTejieM nyMbi npoBonnjin 
HCKyccTBeHHo nepe3 GnoMeMGpaHy h/hjih Ha GojibHbix nyMon 3BepbKax b nepnon 
OaKTepneMHH. Jinn nojiyneHHH ocoGen c Gjiokom npenxcejiyjiKa npoBonnjin jx o 

8 KopMJieHHH. 3apaxceHH0CTb Gjiox onpenejumn nyTeM noceBa H3 20 ocoGen H3 
Kaxcnon rpynnbi HHcjjHunpoBaHHbix HaceKOMbix. Ha nJimejibHoe xpaHeHne 
ocTaBJiHJin Tpynbi 3apaxceHHbix Gjiox h cyxne 3KCKpeMeHTbi HH(})HUHpoBaHHbix 
HaceKOMbix Ha pa3Hbix cyGcipaiax. Hmh cjiyxauin: necoK, Ha kotopom b npouec- 
ce onbiTOB conepxcajin 3apaxceHHbix Gjiox; cocTpnxceHHafl rnepcTb rpbi3yHOB, Ha 
KOTOpbIX KOpMHJIH HH(J)HUHpOBaHHbIX HaceKOMbix; npoGnpKH C (JieKaJIHHMH Ha 
CTeHKax nocjie conepxaHHH b hhx jxo 100 3apaxceHHbix ocoGen. MH^nunpoBaH- 
Hbin MaTepnaji conepxcajin npn TeMnepaTypax 8—10, 12, 16 h 22—24 °C h otho- 
CHTejibHon BJiaxcHoc™ B03nyxa 55, 71, 76 h Bbirne 90 %. KoMnjieKCHoe nccjieno- 
BaHne (GaKTepHOJiornnecKHH, GHOJiornnecKHH, cepojiornnecKHH MeTOjtbi, nojin- 
Mepa3Han uenHaa peaKunn — nUP-aHajiH3) ocyinecTBJinjin nepe3 pa3JinnHbie 
cpoKH xpaHeHHH HH(J)HUHpoBaHHoro Maiepnajia (1—3 Mec., 1—5 JieT, 7 jieT 

9 Mec.). 
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PE3YJIbTATbI H OBOOKAEHHE 


Pe3yjibTaTbi o 6 pa 6 oTKH cepHHHbix yabTpaTOHKHx cpe30B h CKaHorpaMM xceay- 
^OHHO-KHUieHHOrO TpaKTa 6 J 10 X 0aH03HaHH0 CBHAeiejlbCTByiOT o tom, hto nep- 
bhhhmh (J)OKyc cKonaeHHa 6 aKTepnn npoHcxo^HT b jiaKyHax «aKaHTOB» ueHTpajib- 
Horo h 3aaHero oxaeaoB npea^eayaKa. Hmchho 3 aecb 6 aKTepHH nyMbi, kojiohh- 
3npya BopcHHKH «aKaHTOB», aacop 6 npya Ha CBoen noBepxHoc™ reMaTHH, 
ynjioTHHioTCH, npno 6 peTaa (|)opMy kokkob. flaabHenmee HaKonjieHHe KOKKono- 
a 6 Hbix (j)opM nyMHoro MHKpo 6 a conpoBoxcaaeTca o6pa30BaHHeM mhkpokojiohhh, 
pacnojiaraiomHxcH KaK b JiaKyHax, Tax h Mexcay «aKaHTaMH» b npeaaceayaKe 
6jiox. B nacTHOc™, npn 3aeKTpoHHO-MHKpocKonHHecKOM nccaeaoBaHHH aceay- 
aoHHO-KHineHHoro TpaKTa 3 apaxceHHbix nyMOH 6jiox X. cheopis ycTaHOBjieHO, hto 
nepe3 6—9 h nocae 3apaxcaK>mero KopMaeHna b npea>KeayaKe 6jiox HanHHaeTca 
npouecc o6pa30BaHHa sKCTpaueaaioaapHOH MaTpHKCHOH o6ojiohkh BOKpyr 
rpynn KjieTOK nyMHoro MHKpo 6 a (cm. pncyHOK, a). B nocaeayiomeM Ha 8-e cyT 
nocae 3apaxcaK>mero KopMaeHna (Ha 2-e cyr nocae 2-h noaKopMKH) mhkpoko¬ 
jiohhh, pa3pacTancb, o6pa3yK)T KOHrjiOMepaTbi («rabi 6 KH»), coaepxcaiune b 
CBoeM cocTaBe KaK rpynnbi SaKTepnn nyMbi, OKpyxceHHbie SnonaeHKOH, TaK h 
ocTaTKH nepeBapeHHOH kpobh. 3a cneT o6pa30BaHHa o 6 men MaTpHKCHOH 060 - 
JIOHKH BOKpyr MHKpOKOJIOHHH SaKTepHH HyMbl OTMCHCHa naOTHaa «ynaKOBKa» HX 
KjieTOK (cm. pncyHOK, 6 ). BaKTepnH nyMbi, OKpyxceHHbie o 6 men 6 nonaeHKOH, 
aKTHBHO pa3MHOXCaK)TC5I, (JlOpMHpya KOHTJIOMepaT, H3BeCTHbIH noa Ha3BaHHeM 
6 aoKa npea^ceayaKa (cm. pncyHOK, e). Y 6 aox X cheopis 6aoKOo6pa30BaHHe Ha- 
6 aioaaeTCH nocae 2—8 noaKopMOK h yKaaabiBaeTca b cpokh c 3-ro no 30-h aeHb 
nocae 3apaxceHHa (OaeromoBa, 1951). Oco 6 o noanepKHeM, hto Haannne h o6h- 
ane 6 aKTepnn nyMbi b apyrnx nacrax KHinenHoro TpaKTa 6 aox TaKXce b 3Hann- 
TeabHOH CTeneHH 3BBHCHT ot cpokob, npomeaniHX nocae 3apaxceHHa h nncaa 
noaKopMOK. Hepea 1 cyT nocae 3apaxcaiomero KopMaeHna h b nocaeayiomne 
7 cyT 6 aKTepnaabHbie KaeTKH BCTpenaioTca b npea>xeayaKe h peaKO — b nepea- 
Hen nacTH xceayaKa HaceKOMoro. Pe3yabTaTbi oaeKTpoHHO-MHKpocKonHnecKHx 
nccaeaoBaHHH npouecca 6aoKoo6pa30BaHna b opraHH3Me 6 aox coraacyioTca c 
aaHHbiMH CBeTOBOH MHKpocKonnn. PaHee noKa3aHO, hto b nnmeBapHTeabHOM 
TpaKTe pa3Hbix BHaoB 6 aox BCKope nocae 3apaxceHna (fiopMHpyioTCH TeMHbie 
tjdkh mhkpo6hoh Maccbi, OTHeTaHBO BHaHMbie Ha cf)OHe aaon KpoBH, nocTyna- 
lomen npn noaKopMKe, KOTopbie b 6 oabuiHHCTBe caynaeB aBamoTca ochoboh 
aaa (jiopMHpoBaHHa 6 aoKa (KoHapauiKHHa, 1969). HoBOKpemeHOBOH c coTpya- 
HHKaMH (1969) TaKace noKa 3 aHO, hto y 6 aox X. skrjabini Ioff, 1930 Ha 2—4-e cyT 
nocae 3apaxceHHH CKonaeHHa 6 aKTepnn nyMbi OTMeneHbi b xceayaKax HeaaBHO 
nHBiiiHx oco 6 en Ha (J)OHe aaon kpobh b Bnae tcmhhx Taxcen, naymnx ot npea- 
xceayaKa. npnneM y nacTH 6 aox, ocTaBiunxca He 6 aoKHpoBaHHbiMH, CKonaeHHa 
KaeTOK nyMHoro MHKpoOa HaSaioaaancb b BHae tcmhhx «rabi 6 oK», nacTO OKpyr- 
aoH (JiopMbi, He npHKpenaeHHbix k npeaaceayaKy. 

PaHee ycTaHOBaeHO, hto BCKope nocae 3apaxcaiomero KopMaeHna 3HannTeab- 
Haa nacTb 6aox (nepe3 HecKoabKO cyTOK) ocBo6o>KaaeTca ot mhkpo6ob nyMbi 
(XaacoH h ap., 1966; AaeKceeB h ap., 1968; Bn6nKOBa, KaaccoBCKHH, 1972; Ba- 
meHOK, 1988). Yxce nepe3 6 h nocae 3apaxceHna X cheopis b Ma3Kax H3 nniueBa- 
pHTeabHoro TpaKTa 6aoxn BCTpenaeTca 6oabiuoe KoannecTBO pa3pymeHHbix Kae- 
tok nyMHoro MHKpo6a. HMeiOTca aaHHbie, hto nepe3 2 aHa OaKTepnoaornnecKHM 
MeToaoM He yaaBaaocb oOHapyacHTb nyMHOH mhkpo6 6oaee neM y 50 % 3apaxceH- 
hhx 6aox. ToabKO k 8—10 aHio, Koraa noaBaaiOTca OaoKHpoBaHHbie oco6h, 
nyMHOH mhkpo6 BHOBb oOHapyacHBaaca y Bcex 3apaxceHHbix 6aox (XaacoH h ap., 
1966). B CBeTe coBpeMeHHbix npeacTaBaeHHH 3tot (JieHOMeH, bo3moxcho, CBa3aH 
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XejiyaoHHo-KHiiieHHbiH TpaKT 6jioxm Xenopsylla cheopis , HH(J)HUHpoBaHHOM B036y^MTejieM HyMbi 
(uiTaMM Y.pestis 231); a, 6, e, ^ — yjibTpaTOHKHe cpe3bi. 

a — 6aKTepMaJibHbie kjictkh wyMbi wepe3 7—9 4 nocjie 3apajKaiomero KopMJieHMa OKpyxeHbi 3KCTpauejiJiiojiflpHOH 
MaTpHKCHOM o6ojio4Koh — 3MO (yKa3aH0 cTpejiKaMH); 6 — 6aKTepMM wyMbi Ha 2— 8-e cyTKM nocjie 2-h noa- 
KOpMKH 3aK^io4eHbi b njiOTHyio ynaKOBKy 3MO ( yica3aHo CTpejiKaMH); e — cKaHorpaMMa pa3opBaHHoro npeaace- 
JiyaKa 6jioxm X . cheopis , 6jioKHpoBaHHOM B036yaMTejieM wyMbi (urraMM Y.pestis 231). BwaHbi KOHrjioMepaTbi B03- 
6yaMTe;i« wyMbi, 3aKjno4eHHbie 3MO (cTpejiKM); z — o6pa30BaHHe 6aKTepMa;ibHOM «rjibi6KH» — «3aopoBoe ho- 
cHTejibCTBo»; 3MO (cTpejiKM); aejiamneca 4>opMbi 6aicrepHM (aBOHHbie CTpejiKM). MacuiTaSHbie jimhchkm, mkm: a , 

6, z- 1 ; * - 5 . 

Gastrointestinal tract of flea Xenopsylla cheopis infected by plague etiological agent (Y.pestis 231 stra¬ 
in); a , 6, e, ^ — ultra-fine sections. 


c OTcyTCTBMe m 6 nonjieHKM BOKpyr 6aKTepwH wyMbi, nonaBiunx b KHiueHHbiH 
TpaKT npw 3apaxcaiomeM kopmjichhh. ToJibKO nocjie npoaBJieHHa 3(J)(J)eKTa «kbo- 
pyM-ceHCHHr» b npeflxceayflKe 6 jiox o6pa3yK>TCa MHOroHHCJieHHbie mhkpokojio- 
hmm nyMHoro MHKpo6a, oKpyxceHHbie 6MonaeHKoii, KOTOpbie b nocjieayiomeM 
CJiyxaT MaTpMHHOH OCHOBOft AJ1H (J)OpMMpOBaHMH COOTBeTCTByiOIUHX KOHTJlOMe- 
paTOB («rabi6oK») b npeaxceaynKe m cpe^HeH khlukc sthx HaceKOMbix. B cjiyaae 
oTcyTCTBwa ycjioBHft njifi peajiM3auHM HaaaabHoro 3Tana o6pa30BaHHa 6HoruieH- 
kh ayMHbiM mmkpo6om b npeflacejiyuKe 6 jiox mx opraHH3M 6bicTpo ocBo6o>K,uaeT- 
CH OT 6aKTepMH. 

B KanecTBe noaTBepxoieHMa stoto nojioxceHMa otmcthm, hto Ha 8 cyT noc;ie 
3apax<aiomero KopMJieHMa (Ha 2-e cyT nocjie 2-h noflKopMKH), b nepwofl 3aBep- 
uichhh oupa jOLiaiiHH OaoKa npeaxcejiyaKa y 6 jiox X. cheopis, CKon.'iemiH oaKicpiiH 
nyMbi 3aperMCTpMpoBaHbi He TOJibKO b npeflxcejiyflKe, ho h b Macce reMaTHHa b 
cpeaHew kmiukc HaceKOMbix, npaweM KOHuempauMa reMaTHHa BOKpyr 6aKTepn- 
a^bHbix KJieTOK b cpeaHew KHiiiKe eme 6ojiee yBejiHHHBaeTca nocjie 3-h noa- 
KOPMKH (11 cyT). feMBTHH KOHUeHTpHpyeTCH C BHeillHeH CTOpOHbl CKOnJieHMH 
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GaKTepnn, o6pa3yn, KaK h b npeu>KejiyuKe, KOHrjiOMepa™ («nibi6KH»), BKjnona- 
lomne 6ojibuioe kojihhcctbo mhkpoGhmx kjictok nyMbi — ot 100 h 6ojiee kjictok 
b njiocKOCTM cpe30B (cm. pncyHOK, a). CymecTBeHHO, hto yjibTpacTpyKTypa koh- 
rjiOMepaTOB, o6pa3yiomHxcH b npeu>KejiyuKe h b cpeuHen khuikc Gjiox, aGcojnoT- 
HO M^eHTHHHa — MX OCHOBHbIM KOMTIOHeHTOM HBJIHIOTCH rpynilbl GaKTepHH 
nyMbi, OKpyxeHHbie oGmen OKCTpauejunojinpHon MaTpnKCHon oGojiohkoh, BHyT- 
pn KOTopoft OTMeneHo Hajinnne uejiniunxcn KJieTOK nyMHoro MHKpoGa. C Haiuen 
TOHKH 3peHMH, HMCHHO C (jjeHOMCHOM 06pa30BaHHH GnonjieHKH BOKpyr MMKpO- 
kojiohhh nyMHoro MHKpoGa b npeu>KejiyuKe 6 jtox CBH3aHO hx nocjieuyiomee no- 
HBjieHne b cpeuHen khuikc HaceKOMbix npu BTopon nouKopMKe (Ha 8-e cyT no- 
cjie 3apaxaK)mero kopmjichhh). ripu nouKopMKe nacTb mhkpokojiohhh nyMHoro 
MHKpo6a BMecTe c iiotokom kpobh npoHHKaeT b pa3JinnHbie oxuejibi KHiuenHHKa 
6 jiox. npH 3tom 6HonjieHKa He TOJibKo oSecneHHBaeT coxpaHeHHe nyMHoro MHK¬ 
poGa b Gjioxe, ho h co3uaeT ycjiOBHH /yin Bbixoua h nepexnBaHHH B036yunTejiH 
bo BHeuiHen cpeue. B ubcthocth, OTMeneHO, hto mcjikhc «rjibi6KH» BbiMbiBaiOTCH 
HOBbIMH nOpUHHMH KpOBH H BblBOUHTCH H3 KHUieUHHKa 6jIOX npH UC(j)eKaUHH 

(KoH^pauiKHHa h u p., 1976; Bcjihhko h up., 1978). Bojiee KpynHbie «rjibi6KH» 
3a^epxcHBaiOTCH b cpeuHen khuikc BCJieucTBne cyxeHHH 3auHero oxuejia KHiuen- 
Horo TpaKTa. ripu noMemeHHH HenoBpe)KucHHOH «rjibi6KH» Ha arapoByio njiac- 
THHy He npoucxo^HT pocTa kjictok uyMHoro MHKpoGa, b to BpeMH KaK noceBbi 
pacTepTbix «TJibi6oK» Hen3MeHH0 uaiOT pocT TnnnnHOH KyjibTypbi (Kohhob h up., 
1984). B 1970-x rouax o6pa30BaHne «rjibi6oK» nyMHoro MHKpoGa b khuichhom 
TpaKTe Gjiox nojiynnjio Ha3BaHne «3UopoBoro HOCHTeJibCTBa», b KanecTBe ochob- 
hoto MexaHH3Ma KOToporo paccMaTpHBajin «HHKancyjiHunio» GaKTepnn nyMbi b 
nniueBapHTejibHOM TpaKTe Gjioxh (KoHupauiKHHa, 1969). OGpa30BaHne «rjibi- 
6 ok» uyMHoro MHKpoGa ycTaHOBJieHO b khuichhom TpaKTe KaK BbicoKOOcJxJieK- 
THBHblX, TaK H MaJIOOljjcjjeKTHBHblX nepeHOCHHKOB HyMbI, B HaCTHOCTH y Ctenoph- 

thalmus pollex Wagner et Ioff, 1926 (fepacHMOBa h up., 1979). 

FIOJiyueHHbie HaMH UaHHbie 3JieKTp0HH0-MHKp0CK0nHHeCKHX HCCJiejIOBaHHH 
oaH03HauHo CBH^eTejibCTByioT o tom, hto ochoboh Bcex oGcyacuaeMbix BblUie 
npoueccoB hbjihiotch ocoGchhocth skojiothh nyMHoro MHKpoGa, b nepByio one- 
peub ero cnocoGHOCTb k o6pa30BaHHio GnonjieHKH. PeajiH3aunH ototo (JieHOMeHa 
b cfiopMe GjiOKa npeu^ejiyuKa Gjiox nponcxouuT b unana30He TeMnepaTyp ot +8 
uo +26 °C (OjieroHTOBa, 1951; BnGHKOBa, CaxapoBa, 1956; BnGnKOBa, KjiaccoB- 
ckhh, 1972; BameHOK, 1988). Flpn TeMnepaType Bbiuie +27 °C npouecc o6pa30- 
BaHHH GnonjieHKH npeKpaiuaeTCH (Darby et al., 2002; Jarret et al., 2004). B otom 
njiaHe oco6bin HHTepec npeucraBJineT BbiHBJieHHoe OTpnuaTejibHoe bjihhhhc bh- 
cokhx TeMnepaTyp (+24—28 °C) Ha nacTOTy o6pa30BaHHH GjiOKa npeu>KejiyuKa, 
paBHO KaK h Ha npouecc (jjopMnpoBaHHH «rjibi6oK» nyMHoro MHKpo6a b KHiuen- 
HHKe Gjiox (BnGnKOBa, CaxapoBa, 1956). AHajiornnHoe HeraraBHoe bjihhhhc 
TeMnepaTypbi Bbiuie +20 °C OTMeneHO Ha uJiHTejibHOCTb coxpaHeHHH nyMHoro 
MHKpoGa b Tpynax HHcjjnunpoBaHHbix nyMon Gjiox h hx 4>eKajiHHX (KoHupauiKH- 
Ha h up., 1976; Bcjihhko h up., 1978; Bcjihhko, 1981). B OKcnepnMeHTajibHbix 
ycjiOBHHX GbiJio noKa3aHO, hto nyMHOH mhkpoG b Tpynax h cfieKajiHHX Gjiox npn 
TeMnepaType +22—24 °C h othochtcjibhoh BJiaxcHOCTH 55, 76, 100 % BbixcHBaji 
TOJibKO b TeneHne ouhoto Mecnua (31 ueHb — X. cheopis , 22 uhh — C. tesquorum). 
HanpoTHB, npn TeMnepaType +8—10 °C h othochtcjibhoh BJiaxHOcra 57 % GaK- 
TepnajibHbie kjictkh coxpaHHJin cboio >KH3HecnocoGHocTb b TeneHne 5 JieT (Be- 
jihhko, 1981). npn TeMnepaType +12 °C nyMHOH mhkpoG b bhcoxiuhx Bbiuejie- 
hhhx h Tpynax Gjiox o6Hapy>KHBajiCH b TeneHne 2 JieT, npn +16 °C n Bbiuie — 
1— 2 Mec. /],JiHTejibHoe npeGbiBaHne GaKTepnn nyMbi b cyGcTpaTe b Bbicoxiunx 
HH(|)HUHpoBaHHbix (JieKajiHHX Gjiox n b nx Tpynax (b TeneHne 406 uHen npn 
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+8—10 °C) He npuBOflHJio k yTpaTe BHpyjieHTHOCTH. Eejian Mbiiiib nocjie KOHTaK- 
Ta c TaKHM cy 6 cTpaTOM norn 6 jia ot reHepajiH30BaHH0H (|)opMbi uyMbi. BMecTe c 
TeM noKa3aHo, hto B036yanTejib uyMbi npn juiHTejibHOM coxpaHeHHH b Bbicox- 
luhx (J)eKajiHHx 6jiox h hx Tpynax npHoOpeiaeT uepTbi, xapaKTepHbie juih 
L- 4)opM. B nepBbix reHepauHHx HaOjiiojiajicn pocT uyMHoro MHKpo 6 a b bhrc rpy- 
6 bIX 3epHHCTbIX KOJIOHHH 6e3 BbipaxeHHOH nepH(t)epHHeCKOH 30HbI. B Ma3KaX H3 
tbkhx kojiohhh npeoOjiaaajiH HHTeBHjiHbie h inapoBHjmbie (JiopMbi kjictok. ripn 
nocjiejiyiomHx nepeceBax uyMHOH mhkpo6 BHOBb npHHHMaji xapaKTepHyio ju ih 
Hero MOp(|)OJIOrHK). ripn KOMnJieKCHOM HCCJiejJOBaHHH HH(f)HUHpOBaHHbIX HyMOH 
TpynoB h OKCKpeMeHTOB 6jiox, xpaHHBuiHxcH npn TeMnepaType +8—10 °C b Te- 
neHHe 7 jieT 9 Mec., Hajinune uyMHoro MHKpoOa 6bijio noOTBepxcjieHO TOJibKO c 
noMombio rmP-aHajiH3a (npn OTpnuaTejibHbix pe3yjibTaTax npHMeHeHHH 6 aKTe- 
pnojiorHHecKoro h OnoiiornnecKoro mctojiob). Bee 3to b uejiOM CBHjjeTejibCTByeT 
06 onpejiejiHiomeH pojih OnonjieHKH uyMHoro MHKpoOa b juiHTejibHOM coxpaHe¬ 
HHH B036yzmTejifl uyMbi bo BHeumeH cpejje. 


3AKJHOHEHME 

OeHOMeH o6pa30BaHHH OnonjieHKH uyMHbiM mhkpo6om hbjihctch ochoboh, 
onpe^ejunomeH xapaKTep ero B3aHMOjieHCTBHH c opraHH3MOM nepeHOCHHKa. 
YcTaHOBJieHHbie oco6chhocth yjibTpacipyKTypbi KOHrjiOMepaTOB uyMHoro mhk- 
po6a b npejpKejiyaKe h epejmen KHixiKe 6 jiox nojiTBepxcaaiOT Hajinune ejjHHoro 
MexaHH3Ma HX 06pa30BaHHH H pa3BHTHH. BhJIHMO, Ha paHHHX CTaflHHX 3BOJHO- 

Uhh qyMHOH mhkpo 6, KaK h B036yaHTejib nceBAOTy6epKyjie3a (Jarret et al., 2004; 
Erickson et al., 2006), npnoOpejm cnocoOHoerb o6pa30BbiBaTb BHeKJieTOHHyio 
OnonjieHKy KaK cnoco6 3amHTbi ot pa3JiHUHbix 6ecno3BOHOHHbix xchbothhx, 
oOHTaTejien nouBbi. B obojhouhohhom njiaHe cnocoOHOCTb uyMHoro MHKpoOa k 
o6pa30BaHHio BHeKjieTOHHbix OnonjieHOK no3BOJiHJia 3TOMy MHKpoopraHH3My 
BbiHTH 3a rpaHHitbi noqBeHHbix 3KOTonoB. BnonjieHKa 3amnmaeT kjictkh B036y- 
jlHTejiH nyMbi ot yTHJiH3auHH h npn nonajjaHHH nocjiejmero b nnmeBapHTejib- 
hhh TpaKT 6 jiox. PaHee Hajinune TaKHX CTpyKTyp b opraHH3Me 6 jiox ycTaHOBJieHO 
b (JiopMe «rjibi6oK» H3 KJieTOK nyMHoro MHKpoOa, 3aKjnoueHHbix b Kancyjiy (Koh- 
apaiHKHHa h jx p., 1968, 1969). flpn otom cnocoOHOCTb MHKpoOa k o6pa30BaHHio 
6nonjieHOK npoHBHjiacb b opraHH3Me 6 jiox b hobom KauecTBe — b BHjje 6jiOKa 
npejuKejiyzoca. B jiaHHOM cjiyuae OnonjieHKa no3BOJineT uyMHOMy MHKpoOy He 
TOJibKO BbDKHBaTb B nHIIteBapHTCJIbHOM TpaKTe 6JIOXH, HO CJiy^KHT OCHOBOH JUIH 

peajiH3aitHH TpaHCMHCCHBHOH nepejiaHH B036y£HTejiH. Moxcho nojiaraTb, hto 
HM eHHO OeHOMeH o6pa30BaHHH 6nonjieHOK uyMHoro MHKpoOa b opraHH3Me 6jiox 
jiexcHT b ocHOBe jyiHTejibHoro ero coxpaHeHHH b cyxnx c^eKajiHHx h Tpynax othx 
HaceKOMbix (KoHjipaniKHHa h jip., 1976; BejiHHKO, 1981). 

IlpejiCTaBJieHHbie Bbirne pe3yjibTaTbi jiaOopaTopHoro OKcnepHMeHTa nojiTBep- 
xcaaiOT B03M0xcH0CTb nepexcHBaHHH (5 JieT) B036yjtHTejin uyMbi b Tpynax h (|)eKa- 
jihhx 6jiox npn TeMnepaType +8—10 °C h OTHOCHTejibHOH BJiaxHOCTH 57 % BHe 
xchboto opraHH3Ma b BHpyjieHTHOH (|)opMe. Flocjiejmee CBHjieTejibCTByeT kocbch- 
ho o tom, hto npn nonajiaHHH KOHrjiOMepaTOB uyMHoro MHKpoOa (3aKjnoHeHHbix 
b 3M0) b noHBy b (J)eKajiHHx hjih Tpynax 6jiox bo3moxcho He TOJibKO juiHTejibHoe 
hx coxpaHeHne bo BHeumeH epeae, ho h nocjieayiomaH yTHJiH3auHH jipyrHMH co- 
HJieHaMH nouBeHHOH 6hotbi (FlonoB h jxp., 2006, 2007). Bee oto yKa3biBaeT Ha 
onpe^ejiHiomyio pojib 6nonjieHOK uyMHoro MHKpoOa He TOJibKO b pa3BHTHH 3nn- 
300THH C nOMOIUbK) 6jIOKHpOBaHHbIX 6jIOX, HO H coxpaHeHHH B036yjIHTeJIH HyMbI 
b TeueHne jyiHTejibHbix Mexc3nH300THuecKHX nepnojiOB. 
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PHENOMENON OF YERSINIA PESTIS BIOFILM FORMATION 
IN FLEA ORGANISM 

N. P. Konnov, N. V. Popov, L. N. Velichko, T. V. Knyazeva 
Key words: flea, biofilm, extracellular matrix envelope — EME, ultrastucture, Yersinia pestis. 

SUMMARY 

For the first time substantiated was the role of the phenomenon of Yersinia pestis bio¬ 
film — extracellular matrix envelope (EME) — formation as the basis that determines the 
nature of plague agent interaction with flea organism. Implication of vector’s proventriculus 
in the process of biofilm formation was demonstrated. Ultrastucture of plague microbe con¬ 
glomerates in flea proventriculus and midgut was analysed and uniform mechanism of their 
formation was elucidated. The role of Yersinia pestis biofilm in plague agent preservation in 
the gut of ectoparasites and soil of rodents burrows was discussed. PCR analysis confirmed 
the presence of plague microbe in plague infected corpses and fleas excrements stored at 
+8—10 °C for 7 years 9 months. 
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